I
N much of the Northern Great Plains area native grasses are of paramount importance to livestock production and hays from these grasses constitute the chief roughage harvested to maintain livestock when grazing will not support them. Tonnage of prairie hay harvested in South Dakota in 1948 and 1949, a total of 4,492,000 tons, was twice as great as the harvested tonnage of all tame hays combined.
A common practice in harvesting prairie hay has been to arrange haying operations to interfere least with other summer work. In following such practice, many stockmen have done the bulk of their haying from late September until winter weather interfered. Many ranchers believe that any loss in quality by late harvesting is offset by a greater yield per acre.
A need was seen to test representative native hays to determine the effect of stage of maturity on feeding value and digestibility of such hays and to study the nutritive value of hay stacked under range conditions and stored over a period of years. Since droughts often prevent the production of hay for harvest, the successful stockman must harvest enough hay during productive years to carry over the dry years.
Work done at other stations indicates that hay harvested late in the season has lost much of the nutritive value that could have been obtained if the hay had been harvested at an earlier date. Hopper and Nesbitt (1930) reported that both stage of maturity and grass species influenced chemical composition and nutritive value of hays and grasses. Declines in chemical composition and/or nutritive value as stage of maturity in grasses advanced were noted by Burkitt (1940) , Sotola (1941) , Patton and Gieseker (1942) , Patton (1943), McCall, Clark, and Patton (1943) , McMillen et al. (1943) , Crampton and Jackson (1944) , and Baker et al. (1947 Briggs, Gallup, and Darlow (1948) reported decrease in total digestible nutrients per pound of hay as maturity advanced and also a decrease in the amount of total digestible nutrients produced per acre. Moxon (1943, 1944) in testing two grass species from eleven areas in South Dakota found that the protein and mineral content declined as the stage of maturity advanced. 1 Analyses taken from hays used in digestion trial. These hays were in a severe snow storm immediately following baling and contained some "ice spots' which accounts for the low percentages of dry matter.
The hays used in this study were prairie hays ctlt from three widely separated areas within the state. The major species were western wheatgrass (Agropyron smithii), three species of needlegrass (Stipa spartea, S. comata, and S. viridula) big bluestem (Andropogon furcatus) and little bluestem (Andropogon scoparius). Other species appearing in lesser but varying amofints included blue grama (Bouteloua gracilis), side-oats grama (B. curtipendula), junegrass (Koeleria cristata), downy brome (Bromus tectorum), buffalograss (Buchloe dactyloides) and various forbs.
The hays were cut at three different stages of maturity to determine the effects of stage of maturity on chemical composition and nutritive value. The first hay, designated "early-cut," was harvested, usually before mid-July, at the "shooting" stage, characterized by the grass shooting up the seed stalk preparatory to seed formation. The second hay was cut at the "seed-ripe" stage and designated as "medium-cut, '~ and usually was harvested near mid-August. The third hay, designate~ "late-cut," was harvested between September 20 and October 10, at a fully mature stage with most of the seeds and some leaves having fallen. The hay designated as "storage" hay was harvested near an early-cut stage of maturity and stored over a period of years to test the effect of long-time storage on the nutritive value.
Chemical Analysis Table 1 shows the chemical composition of representative hays, harvested in the Eureka and Highmore areas, that were used in the digestion trials and winter feeding experiments. These hays were analyzed according to A.O.A.C. standard methods. From this table it can be seen that the protein decreased as the stage of maturity increased. The protein content of the hay cut at an early stage of maturity and stored for two years remained high. This indicates that there was little or no loss of protein due to storage under conditions encountered in these trials.
Digestion Studies
Both steer calves and wether lambs were used in the digestion trials with from three to nine animals of each species per trim (Table 2 A & D, 9 animals per hay, 2 B, 6 animals per hay, and 2 C, 3 animals per hay). The total collection method was used with preliminary and collection periods each of 10 days duration for trials A, C, and D, and 10 and 7 days respectively for trial B.
The feces from both lambs and steers were collected in canvas sacks similar to those described by Forbes (1937) . The coefficients of digestibility were determined in the manner outlined by Maynard (1947) .
The digestion studies were made on hays from the Eureka and Highmore areas and a summary of the results is given in table 2. A perusual of the data for trials A and B, when only hay was fed, shows that for dry matter, crude protein, and nitrogen-free extract apparent digestibility decreased as the maturity of the hay increased. The greatest relative decrease was for crude protein. For ether extract and crude fiber there were some exceptions to a general decrease in apparent digestibility with increased maturity. When rations, made up of hay supplemented with oats and soybean oil meal, were fed there was less regularity in differences between results from various hays though the general trend was for the late-cut hay ration to have the lowest digestibility.
Apparent digestibility of crude protein, the constituent among the five studied most likely to be deficient in prairie hays, decreased with maturity in all cases except one, namely 1948 Highmore hay (table 2 D) when medium-cut hay plus supplement had the highest digestibility. The coefficients of digestibility of crude protein ranged from a high of 45.98 for early-cut to a low of 6.75 for late-cut when fed to steers and 51.38 to 12.56 for lambs when only hay was fed. On the rations of hay plus supplements the range was from a high of 63.99 for the ration with early-cut hay to a low of 45.78 for the ration with late-cut hay for steers. This would indicate that when the hays were supplemented with oats and soybean oil meal and the medium-and late-cut hays were improved more in digestibility than the early-cut hay. However, it did not make the ration containing late-cut hay equal to the one containing early-cut hay.
Feeding Trials
A series of winter feeding trials was conducted with the various hays. One trial was with mature beef cows and the remainder were with calves with an initial weight of about 400 pounds. The trial with cows was conducted at Reed Ranch in 1947-48 with early-, medium-, and late-cut hay and one-year-old storage hay. The cows that received early and medium-cut hay made daily gains of 0.66 pound and 0.15 pound per head respectively while losses of 0.53 pound and 0.24 pound per head daily were recorded for those on late-cut hay and year-old storage hay.
The same winter at the Cottonwood Station three lots of calves were fed in drylot as follows: lot I early-cut hay; lot II mediumcut hay; lot III late-cut hay. One pound of oats and one pound of 40 percent soybean oil meal per calf were fed daily in all lots. The average daily gains were 0.95, 0.68, and 0.34 pound in lots I, II, and IH respectively.
The next two winters, 1948-49 and 1949-50, trials were started at the Cottonwood, Eureka, and Highmore Stations but because of unfavorable weather conditions not all trials were completed. The rations were the same as those reported above and in addition various storage hays were tested. A summary of the results is presented in table 3.
If the data from table 3 and the two earlier trials are combined it is evident that the highest winter gains were obtained from early-cut hay, and the poorest from late-cut hay with the difference being greater between medium-cut and late-cut than betwen early-cut and mediumcut. In terms of feed required for each hundredweight of gain the data show a slight superiority for medium-cut over early-cut and both of these being much superior to late-cut. The results from the storage hays are not consistent but these were different hays cut in different years and not in all cases early-cut. However, the results do indicate that hays can retain a relatively high feeding value after storage.
Comparative Yields Per Acre
Many producers have the idea that what hay loses in quality is made up in quantity by letting the grass become more mature before cutting. Studies on yields in connection with the feeding and digestion trials have produced results contrary to this belief. Yield was calculated by cutting ten random plots 34 inches by 20 feet from each cutting in each area tested. Yields from these plots were weighed, samples taken and dried, and dry matter yield calculated for each plot. The average yield of dry matter was then calculated on a per acre basis. Table 4 shows a three station average for early-, medium-, and late-cut hays in producing pounds of dry matter per acre during 1948 and 1949. These yields of dry matter were obtained at the Cottonwood, Eureka, and Highmore Stations.
The data in table 4 indicate that yields of dry matter per acre decline as the grass matures. The lower yield of the more mature hays is attributed to the loss of seeds and some leaves as the stage of maturity advances. 
Summary
During the three years 1947-48 to 1949-50 chemical analyses have been made of hays cut at various stages of maturity, namely; early-cut (usually from early-to mid-July) medium-cut (mid-August), late-cut (late-September to early-October) and early-to medium-cut that has been stored for a Varying number of years. Feeding trials with cattle, and digestion trials with sheep and cattle, were conducted to study further the nutritive content and feeding value of these hays. From this work the following conclusions were drawn.
1. Protein content of hay was affected materially by time of harvest. Late-cut hay contained only 50 to 70 percent as much total protein as early-cut hay.
2. Dry matter, ether extract, crude fiber, and nitrogen-free extract were not affected seriously by time of harvest.
3. The time at which hay was cut affected the apparent digestibility of the nutrients in the hay. The digestibility of protein showed the greatest decrease as maturity of the hay advanced whereas the digestibility of dry matter, nitrogen free extract, ether extract, and fiber were reduced only slightly when late-cut hay was fed as compared to earlycut hay.
